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Structure of Silylated Sulphonamides ; a Silicon29 Nuclear 
Mag net ic Resonance Investigation 

Jim Iley," Alan R. Bassindale," and (in part) Pravin Patel 
Chemistry Department, The Open University, Milton Keynes MK7 6AA 

The structures of eighteen silylsulphonamides have been determined by 29Si n.m.r. The chemical shifts of 
the compounds were compared with those of model compounds. The N-silyl tautomer was the only 
isomer observed, except in cases where strongly electron-withdrawing groups (e.g. CI, N Me2) were 
attached to nitrogen ; in such cases the 0-silyl tautomer dominates. The results have been rationalised in 
terms of the effect of substituents on the S-N x-bond order. An estimate of the hitherto unmeasured S=N 
molar bond enthalpy as 325 kJ mol-' was obtained. 

Silatropism is common in systems containing an allyl-like 
framework [equation (i)]. The silylamide-silylimidate 
equilibrium (X = NR, Y = C, Z = 0) has been studied 
extensively and characterised.2 The imidate tautomer R'- 
(Me3SiO)C=NR2 is favoured by substituents (R' and R2) that 
decrease the C-N x-electron density in the amides.2 Steric 
effects at silicon show that increasing the steric bulk of the 
silyl groups tends to increase the proportion of imidate isomer 
in the equilibrium mixture, no doubt because unfavourable 
steric interactions are removed in the imidate. 

Tautomerism has also been established for the related 
s i 1 ylp hosp h y lami dat e-si 1 ylphosp h ylimi dat e s y s t em4 9 [equa- 
tion (ii)]. Here, too, it seems that electron donation to phos- 
phorus (increasing the P-N x-character) increases the pro- 
portion of amidate t a u t ~ m e r . ~ . ~  Bulky groups at silicon do not 
significantly increase the proportion of imidate.4 

This study is concerned with the analogous silylsulphon- 
amide-sulphonimidate system [equation (iii)]. Although sul- 
phonamides are chemically and biologically important, and 
silylated sulphonamides are useful silylating agents, there 
have been no definitive structural studies on silylsulphon- 
amides. Previous studies of these compounds have relied on 
'H n.m.r. and i.r. spectroscopic analyses.6~~ The evidence from 
these studies is not strong but suggests that the silylsulphon- 
amide is the exclusive form: although in one case a sulphon- 
amide-sulphonimidate equilibrium was proposed.' Bis(sily1)- 
sulphonamides were tentatively suggested, on i.r. evidence, to 
exist as a tautomeric mixture. In the work presented here 29Si 
n.m.r. was used to elucidate the structure of eighteen silylated 
sulphonamides and related compounds. 29Si N.m.r. has been 
used previously to study the structure of S02[N(SiMe3)2]2.8 
Three signals were observed and assigned to the three silicon 
atoms of SO(OSiMe3)(NSiMe3)N(SiMe3)2. Our evidence 
indicates that the silylsulphonamide is the predominant form 
except when strongly electron-withdrawing substituents are 
attached to the nitrogen atom. 

Results and Discussion 
The method used was similar to that employed for silylamides.2 
It depends on the sensitivity of 29Si n.m.r. chemical shifts to 
changes in molecular environment, and a condition of success 
is that the different environments produce 29Si chemical shifts 
in non-overlapping regions. There are three different possible 
silicon environments in silylsulphonamides and sulphon- 
imidates: R3SiN<in the amide form; R3SiO- in the imidate 
form; and R3SiN=S in the imidate form of bis(sily1)sulphon- 
imidates. For trimethylsilyl derivatives, a series of model 
compounds was prepared, in which the silyl group was un- 
ambiguously in one of the threeenvironments. Their 29Si n.m.r. 
chemical shifts are given in Table 1. Silyl sulphonates (A) were 
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used to model -OSiMe3; silylated sulphonimidamides (B) to 
model Me3Si-N< ; and silylsulphoximides (C) for Me3Si-N=S. 

The three trimethylsilyl environments in the model com- 
pounds fall into three, non-overlapping, chemical shift regions ; 
Me3Si0 6 ca. 30-45; Me3 SiNG ca. 0-10; Me3SiN=S 6 ca. 
-3 to - 5 .  It is to be expected that R'S02NR2SiMe3 should 
appear to the high frequency end of the range (6 ca. > 10) as 
the model compounds contain the RS(O)(NMe)-N= or RS- 
(NMe)2-N= fragments. As previously experienced for other 
compounds,2 and shown by the examples in Table 1, oxygen 
is more deshielding than nitrogen." Similarly the RS(0)- 
(NR)OSiMe3 resonances are expected to fall in the lower 
frequency range (6 ca. 30) of the -OSiMe3 model. The Y=N- 
SiMeJ signals appear remarkably independent of Y [cf. equa- 
tion (i)].2 
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Table 1. 29Si Chemical shifts of model compounds in ['H6]benzene 

6 "  
Environments with Me3SiN< 

CsH17S(0)(NMe)NMeSiMe3 
C2H5S(NMe)2NMeSiMe3 
C4H9S(NMe),NMeSiMe, 

Environments with Me3SiN=S 
Me2S(0)NSiMe3 
MePhS(O)NSiMe, 

Environments with Me,SiO-S 
PhS020SiMe3 
4-MeGH4S020SiMe3 
MeS020SiMe3 
CF3S020SiMe3 

Environments with R3SiO-S 
4-MeC6H4S020SiButMe2 
4-MeCsH4SO20SiButPhz 

Referenced to internal Me4Si. 

9.66 
0.88 
0.38 

- 4.99 
- 3.04 

31.31 
30.83 
30.47 
43.48 

32.28 
13.50 

Table 2. 29Si Chemical shifts of silylated sulphonamides, RiSO2- 
NR'SiX,, in [WJbenzene 
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Ph 
Ph 
Ph 
Ph 
Ph 
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a Referenced to internal Me4Si. 

Six, 
SiMe, 
SiMe, 
SiMe, 
SiMe, 
SiMe3 
SiMe, 

SiMe, 
SiMe, 
SiMe, 
SiMe3 
SiMe, 
SiButMe2 
SiButPhz 
SiMe, 
SiMe3 
SiMe, 
SiMe3 
SiMe, 

6" 
9.82 
14.18 
14.22 
9.74, 27.51 
13.33, 26.96 
10.26 and 
25.89, -3.24 
9.43 
13.82 
13.99 
9.57 
9.38, 27.13 
18.10 
- 2.55 
9.34 
25.42 
13.99 
13.36 
10.20, 28.03 

An interesting aside is that for the sulphonimidamides 
(Table 1) only one methyl group environment was observed in 
the 'H n.m.r. spectra, indicating a rapid intra- or inter- 
molecular exchange of the trimethylsilyl group between one 
nitrogen and the other(s). 

The chemical shifts of silylated sulphonamides and some 
related compounds are given in Table 2. Comparison of the 
shifts of R'S02NR2SiMe3 (Table 2) with those of the model 
compounds (Table 1) leads to a number of conclusions. First, 
when R' and R2 were alkyl or aryl, the only detectable 
structures (i.e. in most cases >98%) were the silylsulphon- 
amides. For example, the silylated N-methyl benzenesulphon- 
amide (2) gave one sharp signal at 6 14.18, which is unambigu- 
ously from the N-silyl tautomer. The 29Si chemical shift of (2) 
is ca. 5 p.p.m. to high frequency of that of the closest model 
compound, as expected from the replacement of S=N by 
S=O. The other silylated sulphonamides with R1,RZ = Ph, 
4-MeCaH4, H, Me, and But [(2), (3), (7)-(lo), (14)] also 
show single resonances in the region 6 9-14, appropriate to 

the silylsulphonarnide structure. Even the presence of the But 
group on nitrogen (10) does not produce a detectable quantity 
of sulphonimidate. The silylated N-phenyltrifluoromethane- 
sulphonamide (15) gives a single resonance at 6 25.4. Although 
this is outside the normal silylsulphonamide region it is, again, 
compatible only with the N-silyl tautomer. The resonance for 
trimethylsilyl trifluoromethanesulphonate appears at 6 43.48, 
and consistently in this work we have found (Tables 1 and 2) 
that the N-silylsulphonamido resonances are ca. 20 p.p.m. to 
high frequency of those of the corresponding sulphonates. 

Heteroatoms attached to sulphur have no tendency to 
favour the sulphonimidate. Compounds (16) and (17) have 
spectra consistent with the silylsulphonamide structure 
giving single peaks in the Me3SiN< region (6 13.99 and 13.36, 
respectively). Compound (17), MezN-S(0)2NPhSiMe3, has 
previously been reported on the basis of 'H n.m.r. as a 5 : 1 
mixture of sulphonamide and sulphonimidate, respectively, in 
CD2CI2.' We found only one Me3Si and one NMe2 signal in 
the 'H n.m.r. spectrum of (17) in CD2CI2, CDC13, CC14, and 
C,D,, and only one 29Si n.m.r. signal; we cannot therefore 
support the previous finding. Compound (1 8) has two reson- 
ances for the Me3Si groups, of equal intensity in both 'H and 
29Si n.m.r. spectra; four tautomeric forms can be envisaged 
for this compound (Scheme). The structure (1 8a) appears to be 
the exclusive form. The resonances for (18) are at 6 10.20 and 
28.03, appropriate to one Me3Si0 and one Me3SiN environ- 
ment. The alternatives are therefore (18a) as the sole contri- 
butor, or an equimolarmixtureof (18b)and (18d),as 'Hn.m.r. 
gives equal integrations for the two Me3Si resonances. The 
i.r. spectrum confirms the presence of NH and the absence of 
OH (v 3 365 cm-') thus ruling out (18d) and, of necessity, 
(18b). Furthermore, the i.r. absorptions at 1350 and 1 175 
cm-' are characteristic of O=S=O and not O=S=N. 

Only one bis(sily1)sulphonamide was prepared, PhS02N- 
(SiMe3)2 (6), and this gives three 29Si n.m.r. signals. The 
major resonance (ca. 98%) is at 6 10.26, corresponding to the 
bis(sily1)sulphonamide (7a). However, two minor, equally 
intense, resonances (ca. 1% each) appear at 6 -3.24 and 
25.89, in the region for the sulphonimidate tautomer (7b). The 
sulphonimidate tautomer was a significant component only 
for those compounds with C1 or N bound to the sulphon- 
amide nitrogen atom, i.e. compounds (4), (S), and (11). For 
these compounds there are two 29Si n.m.r. signals: one at 6 
9-13 and the other at 6 ca. 27. The relative proportions of 
sulphonamide and sulphonimidate as determined by 'H n.m.r. 
are 1 : 2.5 for (4), 1 : 1.75 for (9, and 1 : 1.3 for (1 1). Compari- 
son of (4) with (11) shows that electron donation to sulphur 
through the benzene ring decreases the amount of imidate 
tautomer (1 lb). 

Increasing the steric bulk at silicon by itself does not favour 
sulphonimidate formation. Compounds (12) and (1 3) have 
single resonances ca. 15 p.p.m. to low frequency of those due to 
the analogous silylsulphonates ; this is appropriate only to the 
silylsulphonamide structures. 

Before attempting to rationalise the above results it is 
appropriate to compare sulphonamides with amides. It is 
apparent that the silylamide-imidate equilibrium is more 
susceptible to substituent effects than the silylsulphonamide- 
sulphonimidate equilibrium.2 A dominant factor in the amide 
case is postulated to be the C-N x-bond character, from (p-p) 
x overlap. The S-N n-bond overlap in sulphonamides is 
dependent on (p-d)x overlap," and could be expected to be 
relatively small. In addition the S=O/S=N bond energy 
difference is expected to be much greater than the C=O/C=N 
difference. We have made an approximate estimate of the 
S=N bond enthalpy (see later) that confirms this expecta- 
tion. 

The enthalpy difference between the silylsulphonamide and 
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silylsulphonimidate [equation (iii)] is given by equation (iv).* 
All the molar bond enthalpies, except B(SV1-N), are known.? 

AH298 = B(Si-0) + B(SV1-O) + B(SV1=N) - B(Si-N) 
- B(SV'-N) - B(SV'=O) (iv) 

However, an estimate of 160 W mol-I for B(SV'-N) can be 
obtained using Pauling's geometric mean equation.I2 Thus 
an approximate value for AH298 is [B(SV1=N) - 3151 kJ 
mol-'. Using the equilibrium constant for the bis(sily1)- 
sulphonamide, K = 0.02, as lying between those compounds 
that favour the sulphonamide structure and those that favour 
the sulphonimidate, we obtain AH298 21 AG29LI = 10 kJ 
mol-'. Consequently B(SV1=N) is ca. 325 kJ mol-'. This is ca. 
190 kJ mol-' less stable than Sv'=O. The corresponding en- 
thalpy difference between C=O and C=N is 135 kJ mol-'. 

Thus substituent effects in silylated sulphonamides can be 

* We follow Johnson's usage of B(X-Y) as the molar bond enthalpy 
and D(X-Y)  as the molar bond dissociation energy of the bond 
X-Y.IZ 
t B(Si-0) = 445 kJ mol-' and B(Si-N) = 335 kJ mol-', see ref. 
4; B(SV'-0) = 249 kJ mol-' and B(S"'=O) = 514 kJ mol-', see 
ref. 12. 

expected to be attenuated relative to those in silylamides. 
However, we believe that our data show that the same general 
effects operate in the two systems. 

The factors affecting silylsulphonamide-sulphonimidate 
equilibria can be rationalised and summarised as follows. 

(a) The electronic effect of substituents at nitrogen domin- 
ates. Strongly electron-withdrawing groups (Cl, NMe2) 
decrease the S-N n-bond energy in the sulphonamide form, 
thereby enabling a significant contribution from the sulphon- 
imidate tautomer to be observed. The Me3Si group also ap- 
pears to reduce the S-N x-bond character in bis(si1yl)sulphon- 
amides . 

(b) In the absence of electron-withdrawing groups on nitro- 
gen the sulphonamide is the sole contributor; steric effects at 
silicon, nitrogen, and sulphur are not important in these 
cases. 

(c) The electronic effect at sulphur is not as important as 
that at nitrogen, e.g. the CF3 and Me2N groups attached at  
sulphur do not produce a detectable amount of the sulphon- 
imidate. In the presence of electron-withdrawing groups at 
nitrogen, the electronic effect at sulphur becomes important 
in determining the equilibrium proportions of the silyl sul- 
phonamide and sulphonimidate tautomers; it appears that 
electron donation to sulphur increases the sulphonamide 
tautomer as the S-N n-electron density increases. 

Experimental 
N.m.r. spectra ('H and 29Si) were recorded for solutions in 
[2H6]benzene using a JEOL FX90Q spectrometer and are 
referenced to external Me4Si. 29Si N.m.r. spectra were recorded 
using one of three sets of conditions: (i) gated ['HI decoupling 
during acquisition only; (ii) complete ['HI decoupling in the 
presence of Cr(acac)3 (30" pulse width, 2 s delay) to esti- 
mate the proportions of isomers (in favourable cases this 
gave results comparable with those from the 'H spectra); 
(iii) 29Si with INEPT pulse sequence; l3 this was not used to 
estimate isomer ratios, but was used in an attempt to observe 
very small amounts of minor isomers. 1.r. spectra were re- 
corded using a Unicam SP1050 spectrometer and melting 
temperatures were determined using a Buchi 510 apparatus. 
Elemental analyses were performed by either Butterworth's 
Laboratories or the Open University Microanalytical Service. 
Silylated sulphonamides are referred to by their entry number 
in Table 2. 

Silyl Sulphonates.-Trimethylsilyl trifluoromethanesul- 
phonate, trimethylsilyl methanesulphonate, and trimethylsilyl 
benzenesulphonate were purchased from Fluka. Tnmethyl- 
silyl toluene-4-sulphonate was synthesised by refluxing toluene- 
4-sulphonic acid and N,N-bis(trimethylsily1)trifluoroacet- 
amide (BSTFA) in acetonitrile for 1 h, and had vmax, 855, 943, 
1 180, 1 260, and 1 350cm-'; 8('H) 0.24(9 H, s), 2.01 (3 H, s), 
6.86-6.95 (2 H, d, J 8  Hz), and 7.79-7.88 (2 H, d, J 8  Hz). t- 
Butyldimethylsilyl toluene-4-sulphonate and t-butyldiphenyl- 
silyl toluene-4-sulphonate were synthesised by stirring equi- 
molar amounts of silver toluene-4-sulphonate and the corres- 
ponding chlorosilane in acetonitrile at room temperature. t- 
Butyldimethylsilyl toluene-4-sulphonate had 6 ('H) 0.26 (6H, s) 
0.83 (9 H, s), 1.94 (3 H, s), 6.78-6.87 (2 H, d, J 8 Hz), and 
7.76-7.84 (2 H, d, J 8 Hz) (Found : C, 54.3 ; H, 7.8. C13H220~- 
SSi requires C, 54.5 ; H, 7.7%). t-Butyldiphenylsilyl toluene-4- 
sulphonate had 6 ('H) 1.15 (9 H, s), 1.88 (3 H, s), and 7.16- 
7.19 and 7.21-7.84 (14 H, m) (Found: C, 67.3; H, 6.5. 
C23H2603SSi requires C, 67.3; H, 6.4%). 

Silylsu1phoximides.-N-Trimethylsilyl-S,S-dimet hyl- 
sulphoximide and N-trimethylsilyl-S-methyl-S-phenylsulph- 



80 J.  CHEM. SOC. PERKIN TRANS. 11 1984 

oximide were synthesised by refluxing a solution of the cor- 
responding sulphoximide 14*15 and BSTFA in acetonitrile for 1 
h. N- Trimethyfsifyf-S,S-dimethyfsulphoximide had b.p. 32 "C at 
0.005 mmHg, vmdx 732,753, 853,932, 1 160, 1 304, and 2 960 
cm-', 6 ('H) 0.13 (9 H, s) and 2.97 (6 H, s) (Found: C, 36.3; 
H, 9.0; N, 8.6; S, 19.6. CsHlsNOSSi requires C, 36.3; H, 9.1; 
N, 8.5 ; S, 19.4%). N-Trimcthylsilyf-S-methyZ-S-phenyfsulph- 
oximide had b.p. 80-82 "C at 0.009 mmHg, vmx. 730, 839, 
852,910,1088,l 154, 1 250,l 293,l 320, 1447,2 900,2 960, 
and 3 070 cm-', 6 ('H) 0.1 1 (9 H, s), 2.98 (3 H, s), 7.46-7.70 
(3 H, m), and 7.90-8.13 (2 H, m) (Found : C, 52.9; H, 7.5 ; N, 
6.2. CloHl,NOSSi requires C, 52.8; H, 7.5; N, 6.2%). 

Sifylsulphonumides.-The silylated sulphonamides ( 1),6 
(31,' (4),16 (6); (7),6 (ll),I6 (14)," (16),7 (17),' and (18)18 were 
prepared by standard literature procedures. Silylsulphonam- 
ides (2), (5), (8), (9), and (15) were prepared by refluxing the 
corresponding sulphonamide with an excess of BSTFA in 
acetonitrile for 3 h. The silylsulphonamide (10) was prepared 
by treating the sulphonamide with butyl-lithium in hexane 
followed by an excess of chloromethylsilane and refluxing for 
2 h. Compound (10) was isolated by decanting the supernatant 
liquid from lithium chloride followed by removal of the sol- 
vent. Recrystallisation from hexane afforded pure (10). Com- 
pounds (12) and (13) were prepared by stirring equimolar 
amounts of silver N-phenyltoluene-4-sulphonamide with the 
corresponding chlorosilane in acetonitrile at room temper- 
ature overnight. Physical data for the compounds are as fol- 
lows: compound (2), b.p. 97-100 "C at 0.04 mmHg, vmx 
683, 719, 755, 850, 889, 1097, 1 158, 1255, 1 328, 1447, and 
2 963 cm-', 6 ('H) 0.25 (9 H, s), 2.44 (3 H, s), 7.00-7.30 (3 H, 
m), and 7.70-8.05 (2 H, m) (Found: C, 49.1; H, 7.0; N, 
5.8; S, 13.2. CloH1,N02SSi requires C, 49.4; H, 7.1, N, 5.7; S, 
13.3%); compound (3, b.p. 108-1 12 "C at 1 mmHg, vmx. 687, 
755,852,l 141,l 260,l 335,1448, and 2 965 cm-', 6 ('H) 0.13 
and 0.17 (9 H, s), 2.08 and 2.60 (3 H, s), 6.85-7.10 (3 H, m), 
and 7.52-7.70 (2 H, m) (Found: C, 48.9; H, 7.3; N, 10.5. 
CllH20N202SSi requires C, 48.5; H, 7.4; N, 10.3%); com- 
pound (8), b.p. 103 "C at 0.07 mmHg, vmx. 640, 671, 703, 760, 
810, 850, 885, 1095, 1158, 1185, 1254, 1328, 1598, and 
2960 cm-', 6 ('H) 0.24 (9 H, s), 2.00 (3 H, s), 2.41 (3 H, s), 
6.79-7.05 (2 H, d, J 7.5 Hz), and 7.60-7.85 (2 H, d, J 7.5 
Hz) (Found: C, 51.1; H, 7.4; N, 5.6; S, 12.4. CllHIYNOZSSi 
requires C, 51.3; H, 7.4; N, 5.4; S, 12.5%); compouiid (9), b.p. 
135 "C at 0.025 mmHg, vmax. 620, 652, 691, 762, 810, 849, 
894, 918, 964, 1 091, 1 163, 1 215, 1 255, 1 338, 1 487, 1 598, 
and 2 970 cm-', 6 ('H) 0.28 (9 H, s), 1.85 (3 H, s), 6.56-6.82 
(2 H, d, J 8.5 Hz), 6.93 (5 H, s), and 7.48-7.73 (2 H, d, J 8.5 
Hz) (Found : C, 60.0; H, 6.3 ; N, 4.6. C16HzlN02SSi requires C, 
60.1 ; H, 6.6; N, 4.4%); compound (10) had m.p. 102-104 "C, 
vmr. 670, 812, 853, 900, 977, 1090, 1 148, 1255, 1310, and 
1 470 cm-', 6 ('H) 0.60 (9 H, s), 1.27 (9 H, s), 1.95 (3 H, s), 
6.76-6.85 (2 H, d, J 8 Hz), and 7.67-7.86 (2 H, d, J 8 Hz) 
(Found: C, 55.9; H, 8.6; N, 4.9. C14H25N02SSi requires C, 
56.1 ; H, 8.4; N, 4.7%); compound (12) had v,,,. 662, 692, 820, 
900, 965, 1093, 1 165, 1 338, 1493, and 1 602 cm-', 6 ('H) 
0.19 (6 H, s), 1.19 (9 H, s), 1.92 (3 H, s), 6.69-6.78 (2 H, d, J 
8 Hz), 6.96 (5 H, s), and 7.47-7.56 (2 H, d, J8 Hz) (Found: C, 
63.0;H,7.2;N,4.1.Cl9H2,NO1SSirequiresC,63.1;H,7.5;N, 
3.9%); compourrd (13) had m.p. 157-158 "C, v,,;,,. 655, 690, 
702, 816, 890, 908, 956, 1095, 1 110, 1 165, 1 337, and 1470 
cm-', 6 ('H) 1.23 (9 H, s), 1.88 (3 H, s), 6.57-6.66 (2 H, d, J 
8 Hz), 6.95-7.22 (13 H, m), and 7.76-7.80 (4 H, m) (Found: 
C, 72.1; H, 6.5; N, 2.9. C29H31N02SSi requires C, 71.7; H, 
6.4; N, 2.9%); compound (15) had b.p. 62 "C at 0.1 mmHg, 
vmax 688, 835, 970, 1 140, 1 205, and 1 378 cni-', 6 ('H) 
0.12 (9 H, s) and 6.99 (5 H, s) (Found: C, 39.7; H, 4.3. 
C10H14F3N02SSi requires C ,  40.4; H, 4.7%). 

Sifyfsulphonimidumides.-These compounds were prepared 
by refluxing the corresponding sulphonimidamides with 
BSTFA in acetonitrile for 3 h. N-Methyf-N-trimethyfsilyl- 
octanesufphono-(N-methyfimid)amide had b.p. 119 "C at 0.6 
mmHg, vmax 855,l 105,l 162, 1 257, 1 468,2 810,2 875, and 
2 935 cm-', 6 ('H) 0.29 (9 H, s) 0.89 (3 H, t, J 5 Hz), 1.16 
(12 H, m), 2.62 (6 H, s), and 2.83 (2 H, q, J 5 Hz) (Found: 
C, 53.1 ; H, 11.1 ; N, 9.6. C13HJ2N20SSi requires C, 53.4; H, 
1 1 .O ; N, 9.6%). N-Methyl-N-trimethyfsifyfethanesufphono(bis- 
N-rnethylimid)umide had b.p. 4144 "C at 0.05 mmHg, vmaX 
765, 850, 918, 1 055, 1 104, 1 192, 1 232, 1 460, 2 795, 2 875, 
and 2 955 cm-', 6 ('H) 0.32 (9 H, s), 0.90 (3 H, t, J 7.5 Hz), 
2.57 (9 H, s), and 2.71 (2 H, q, J 7.5 Hz) (Found: C, 43.6; 
H, 10.1; N, 19.1. CSHz3N3SSi requires C, 43.4; H, 10.5; 
N, 19.0%). N-Methyl-N-trimethylsifyfbutanesuZphono(bis-N- 
methyfimid)umide had b.p. 83 "C at 0.5 mmHg, vnla+. 850, 
925, 1 104, 1 188, 1 224, 2 795, 2 880, and 2 970 cm-', 6 ('H) 
0.38 (9 H, s) 0.85 (3 H, t, J 8 Hz), 1.09-1.60 (4 H, m), 2.65 
(9 H, s), and 2.85 (2 H, q, J8 Hz) (Found: C, 48.0; H, 10.9; 
N, 16.8. C10H27N3SSi requires C, 48.1; H, 10.9; N, 16.8%). 
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